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In Formula I B is a purine or pyrimidine base: alk 1 , alk ^ and alk^ are cheical bondr or alkylene 
groups: Q is nydrogen or hydroxyl; and F- ^ -R are hydrogen or alkyl. 
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ANTIVIRAL PHOSPHONOMETHOXYALKYLENZ PURINE AND 
* ! v 5i • PYRIMIDINE DERIVATIVES 



Field of the invanHnn 

This invention concerns nucleotide analogs and their 
compositions and use. In particular it concerns acyclic 
phosphonomethoxyalJtylene derivative-* of purine and 
pyrimidine bases. 

Backgroun d of the Invention < 

. infectious viral diseases are recognized as an 
important medical problem. Progress against infectious 
viral diseases requires the development of drugs with 
selective antiviral activity while remaining benign to 
normal cell lines. A number of antiviral agents currently 
under study which seem to possess some selectivity, are 
nucleoside analogs, m general, these compounds are 
structural analogs of the naturally occurring nucleosides/.. 
Structural modification in either the purine or pyrimidine 
base nucleus and/or the saccharide component result: in a 
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synthetically modified nucleoside derivative which, when 
incorporated into a. viral nucleic acid forming process, acts 
to disrupt further synthesis of viral nucleic acid. 
Effectiveness of these antiviral agents depends on selective 
conversion by viral enzymes, but not by host enzymes, to the 
corresponding nucleotide analog which is then converted to 
the triphosphate and incorporation into viral nucleic acid 
occurs. A problem with this antiviral strategy has been the 
emergence of certain viral strains whose enzymes poorly 
promote phosphorylation of the nucleoside analogs. To 
circumvent this problem, intact nucleotide analogs appear to 
be potentially quite useful as antivirals for incorporation 
into viral nucleic acid. 

Reist and Sturm in PCT/US 84/00737, published December 
6, 1984, disclosed new phosphonic acid analogs of nucleoside 
phosphates which are useful as antivirals for incorporation 
into viral DNA. The structural formula for these compounds 
is shown below as 1. 
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In the Reist compounds, B is a purine or pyrimidine 
base; and R 2 together complete a 0-pentofuranose sugar or 
is H and R 2 is H or hydroxymethyl; R 3 is H or OH; X is H, 
OH or together with Y is carbonyl oxygen and Y can also be 
H; and Z 2 are H or alkyl. These art compounds are 
generally distinguished from the compounds of the instant 
invention by 1) the ether-oxygen link to the carbon atom 
attached to the base which is intended to preserve or mimic 
the acetal oxygen bond of a pentof uranose sugar ring; and 
2) the phosphate modification is a phosphonoalkylene moiety. 
In contrast, the acyclic sugar analog component of- the 
instant compounds is comprised of an all carbon atom 
backbone up to a phosphono methoxy moiety. 

Similarly, synthesis and anti-Herpes-Virus activity of 
phosphate and phosphonate derivatives of 

9-[ (l,3-dihydroxy-2-pr-poxy)methyl]guanine (Formula 2) war 
disclosed by Prisbe, et al. , in J. Med. Chem. , 1986, 29, 
671. 
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More closely related are adenine phosphonic acid 
analogs (Formula 3) and their syntheses which were disclosed 
in the UK Patent Application of Holy, et al. , GB 2,134,907a, 
published 8/22/84, 




3 

In formula 2/ R 2 and R 3 are H or to 9 ether complete a 
ribonucleoside ring; and both R 4 are alternately a hydrogen 
and -CH 2 P(0) (OH) 2 group. 

A preferred example of one of these compounds, known as 
1S)-HPMPA (Formula 4) was disclosed by DeClercq, et al. , in 
Nature , 1986 , 322 /PP- 464-467 and earlier by Holy, et al. , 
Nucleic Acids Research , Symposium Series No. 14, 1984 pp. 
277-278. 
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There is no teaching contained in these references, or 
a suggested combination thereof, which would make obvious 
the compounds, compositions, and use involved in the present 
invention. 

Summary of the Invention 

Phosphonomethoxyalkylene purine and pyrimidine 
derivatives have been synthesized and found to possess 
useful antiviral activity. These compounds differ from the 
natural nucleotides by having structural variations in their 
sugar analog component which can be accompanied by variation 
in their nucleotide base moiety also. Additionally these 
compounds differ from the naturally occurring phosphate 
structure of nucleotides by nature of the 
oxygen-carbon-phosphorous bonds in these phosphonomethoxy 
derivatives. The compounds of this invention are 
represented by structural formula I. 
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wherein 3 is a purine or pyrimidine base; alk 1 , alk 2 
and alk 3 are chemical bonds or alkylene groups; Q is 
hydrogen or hydroxyl; and R 1 - R 4 are hydrogen or alkyl. 
Other aspects of this invention involve preparation of these 
compounds, their formulation into antiviral pharmaceutical 
compositions and the use of these formulations to treat 
viral infections. 

Detailed Description of the Invention 

The compounds comprising this invention are phosphono- 
methoxyalkylene purine and pyrmidine derivatives which have 
structural formula I. 

B 
1 

R 1 -C-alk 2 -Q 
klk^ 
O 

2 I 

0-P-0R 7 
1 

0R 4 
I 

In structural Formula I, B is a purine or pyrimidine base 
selected from the group consisting of adenine, xanthine, 
hypoxanthine , guanine, 8-bromoguanine, 8-chloroguanine , 
8-aminoguanine , 8-hydrazinoguanine , 8-hydroxyguanine , 
8 -me thy Iguanine , 8 - thioguanine , 2 -aminopur ine , 
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2,6-diaminopurine, cytosine, 5-ethylcytosir.s , 5-methyl- 

cytosine, thymine, uracil, 5-bromouracil , 5-sthyluracil, 5- 

iodouracil, 5-propyluracil, 5-vinyluracil, and 

5-bromovinyluracil. The symbols alk^ alk 2 and alk 3 are 

independently selected from a chemical bond and alkylene 

chains containing 1 to 4 carbon atoms which may be 

straight-chain or branched.- The symbol Q is hydrogen or 

hydroxyl, with the proviso that when B is adenine and al^ 

is methylene, alk 2 cannot be a chemical bond; and when B is 

adenine and g is hydrogen, alk^ can only be C^. ^ and R 2 

are independently selected from hydrogen and C 1 _ 4 alkyl and 

R 3 and R 4 are independently selected from hydrogen, c. , 

1 — 6 

alkyl, phenyl and phenyl-c^-alkylene. Compounds of the 
instant invention are also to include the corresponding 
salts, which may be base salts of the phosphonic acid moiety 
or an acid addition salt of the heterocyclic base; in 
addition to the zwitterionic forms and/or solvates of 
compounds for Formula I. 

The compounds of the present invention can exist as 
optical isomers and both racemic and diastereomeric mixtures 
of these isomers which may exist for certain compounds as 
well as the individual optical isomers which are all within 
the scope of the present invention, while the racemic 
mixtures can be separated into their individual isomer? 
through well-knovn techniques such as., for example, the 
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separation of diastereomeric salts formed with optically 
active adjuncts, e.g. acids or bases followed by conversion 
back to the optically active substrates; in most instances, 
for compounds of the present invention, the preferred 
optical isomer can be synthesized by means of stereospecif ic 
reactions, beginning with the appropriate stereoisomer of 
the desired starting material. As indicated, the present 
invention also pertains to the pharmaceutical^ acceptable 
non-toxic salts of these compounds. Such salts may include 
those derived by combination of appropriate cations such as 
alkali and alkaline earth metal ions or ammonium and 
quaternary amino ions with the acid anion moiety of the 
phosphonic acid group. In addition salts may be formed 
from acid addition of certain organic and inorganic acids 
with basic centers of the purine, specifically guanine, or 
pyrimidine base. Finally it is to be understood that 
compounds of the present invention in their unionized as 
well as zwitterionic form and/or in the form of solvates are 
also considered part of the present invention. 

Compounds of the present invention also exist in 
subclasses: two broad subclasses being those wherein B is 
either a purine or a pyrimidine base. Of these broad sub- 
classes there are preferred classes wherein the purine base 
is a guanine or a substituted guanine moiety and where the 
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pyrimidine bases are either thymine or cytosine. The most 
preferred class .of compounds is that wherein B is guanine or 
substituted guanine. 

Preferred classes of sugar analog components, e.g. 



alk. 
I 1 

R, -C-alk 2 -Q 
alk. 



are those wherein alk 2 is a chemical bond and Q is hydrogen 
and those wherein alk 2 is methylene and Q is hydroxy 1. 

Compounds of the present invention may also be 
subclassed according to the structure of the phosphonate 
moiety. These classes are comprised of the diester, the 
monoester, and the diacid. Preferred subclasses of the 
phcsphonate moiety are the monoester and the diacid. 

The compounds of this invention can be prepared by the 
following two general procedures. The compounds wherein Q 
is hydrogen and alk 2 is a chemical bond can be generally 
prepared by Synthetic Scheme I and those compounds wherein Q 
is hydroxyl can generally be prepared f.rom Synthetic Scheme 
II. 



Synthetic Scheme I 
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In Scheme I, B, alk 1# alk 3 , R ±r R n , R 3 , and R 4 are as 
defined herein above. The symbol X represents a standard' 
organic synthetic leaving group moiety such as chloride, 
bromide, iodide, tosylate, mesylate, triflate and the like; 
It is understood that in Scheme I, alk 2 is a chemical bond 
and Q is hydrogen. In the sequence of reactions comprising 
Scheme I the base B is converted to an anion by treatment 
with a base, such as an alkali metal hydride, in a 
non-reactive solvent, such as dimethylf ormamide (DMF), by 
stirring together for about 1 to 3 hours while in the 
temperature range of from room temperature to about 130°. 
The base anion is alkylated with a phcsphcnate diester 
intermediate of Formula II to give the diester product of 
Formula la. This diester may be converted either to the 
monoester, lb or the diacid, Ic. 

The conversion of the diester la to the monoester lb 
can be accomplished either by dissolving la in aqueous 
hydroxide solution and holding at a temp between room 
temperature and 80° for about 1 to 6 hrs. Alternatively, 
when the base has an acid-labile protecting group on a 
reactive ring moiety of the base, the conversion of la to 
lb, with concomitant removal of the protecting group, 
proceeds by dissolving the protected la compound in dilute 
acid, such as HC1, and holding in the temperature range from 
about room temperature to about 100° for about 1 to 6 hours. 



The conversion of the diester la to the diacid Ic is 
readily accomplished by treating a solution of la, in a 
non-reactive solvent such as DMF, with excess trimethylsilyl 
bromide and stirring at about room temperature for about. 4 
to 6 hours. Volatiles are removed by concentration in vacuo 
to a residual material which is treated with water to 
generate the desired diacid product Ic. 

In Synthetic Scheme II, shown below, Q is hydroxy. 

Synthetic Scheme II 
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It should also be apparent to one skilled in the art 
that compounds of Formula I wherein Q is hydroxy can also 
made in some instances by the Scheme I process. An exampl 
of such a synthesis is shown below as Scheme III. 

Scheme III 
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An advantage in using the process of Schemes I and 
III resides in the versatility of using intermediates cf 
Formula II and XII; these may be coupled with a desired base 
selected from among a large group of such bases to give a 
variety of Formula I compounds in only one to three steps. 

In the foregoing Scheme II B, alk^, al)^, alk^, R^, R 2 , 
Rj, and R^, are the same as defined hereinabove. The symbol 
PG represents an organic synthetic protecting group with 
preferred protecting groups belonging to the triphenylmethyl 
class of protecting groups. The symbol L is a synthetic 
organic leaving group which can be selected from the group 
defined for Synthetic Scheme I with halide preferred and 
chloride most preferred. In Synthetic Scheme II, alk^ is 
either a chemical bond or is identical to alk 2 - Scheme II 
comprises protecting the amino group moiety of the purine or 
pyrimidine base or the hydroxy moiety of the pyrimidine base 
as well as the terminal hydroxy group attached to alk~. In 
general, this protecting group introduction reaction is 
carried out in reaction-inert solvents usually containing an 
excess of a basic reagent such as triethylamine whose 
function is to scavenge the leaving group anion and hydrogen 
ion which are liberated as the reaction proceeds. The 
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resulting di -protected intermediate compound of Formula IV 
is treated with a metal hydride, e.g. NaH, followed by 
reaction with a phosphonate diester intermediate of Formula 
VI to give intermediate III. Removal of the protecting 
groups from intermediate III, done by either heating in in 
acidic media or by means of mild hydrogenolysis , results in 
the desired diester product la. It should also be obvious 
to one skilled in the art that this la product wherein Q is 
OH could be converted to a corresponding compound wherein Q 
= H by conversion of the hydroxy group to a leaving group 
(as by treatment with tosyl chloride or mesyl chloride) 
followed by hydride reduction to a branched alkyl product of 
Formula la wherein alk 2 is alkylene and Q is H. 

The reaction intermediates of Formula II, V, and VI 
which were utilized in Synthetic Schemes I and II, are 
either commercially available or can be readily synthesized. 
Representative syntheses of these intermediates are given 
below in Schemes IV and V. 



Scheme IV 
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Scheme IV (cont . ) 



b) n = 3,4 

10 " (ai2,nBr ^^^'n-^-^^O.J-^O-^^B, 

2 i\ 



c) n = 5-7 



Mesyl chloride fCl 
H3-(CH 2 ) n -OH > MsO-(CH 2 ) n -OH MsO- (ay ^ /^Xci 



MsO-(CH-) -0 
z n 



0 



II 



« R 2^ H R 2 CH0 , R 2 (Ro)p R 2 

0 

R. 



1* R 2 

MsO(CH.) n -0 / ^p(0R ) Mesyl chloride 1 

2 ? ft 3 ; 2 < HO-(CHJ -0^\p (0RJ,«J 

A 2 n u -J £ 



- PG 



II 



- 17 - 



Scheme IV (cont. ) 
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In Scheme IV, n is an integer from 1 to 7 and all other 
symbols are as previously defined or are conventional, e.g. 

0 

Ac - acetyl = CH-jC-, etc. Reactions wherein a terminal 
hydroxy group is to be converted to a leaving group, e.g. 

-OH } -OTos, should be understood to be only 

representative as other sulfonate leaving group moieties, 
e.g. mesylate, triflate, can be used in place of tosylate or 
the -OH functionality can be converted to other types of 
leaving groups, e.g. halide. 

In the example process shown for synthesis of an 
intermediate compound of formula XII, PC is a more labile 
protective group than PG. This allows selective removal of 
PC in the presence of PG. Examples of such pairs of 
protective groups would be: PC = di- ( p-methoxyphenyl) 
phenylmethyl; PG = triphenylmethyl or ?C = t-butyldimethyl- 
silyl'; PG = benzyl. 
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Scheme V 



Intermediate Compound Synthesis 
Intermediate Compounds of Formula V 



B + X-(CH 2 ) n 



B- (CH 2 ) 



OH A 
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The process for preparing Formula V intermediates 
comprises a first step which is similar to that of Scheme I 
generation of the base B anion and alkylation. The 
resulting alkylenyl acetonide derivative of the base is 
converted into the target intermediate V by standard acid 
cleavage of the acetonide moiety. 
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In summary, the general synthetic procasses for 
preparation of compounds of Formula I comprise: 
A. 1) alkylation of a purine or pyrimidine base anion 

with a leaving group derivative of a diesterified 
alkylenoxymethylphosphonate intermediate compound 
(II) to give the corresponding base derivative 
compound la ; 

2) conversion of la to either lb by acid or base 
catalyzed hydrolysis or conversion to Ic by 
treatment of la with excess trimethylsilyl bromide, 
evaporation to dryness and treatment of the 
residue with water. 
3. 1) protection of the reactive ring moiety of the base, 
e.g. the amino group of adenine or guanine, and a 
terminal hydroxy group of the starting diol 
compound V with synthetic organic protecting groups 
possessing the requisite steric and electronic 
characteristics appropriate for the necessary 
selectivity in bonding to give the di-protected 
intermediate IV; 
2) converting the remaining hydroxy group to an oxy 
anion by treatment of IV with an alkali metal 
hydride followed by alkylation with a leaving 
group derivative of a diesterified methylphos- 
phonate intermediate VI thereby giving intermediate 
HI; 
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3) removal of the protecting groups from 
intermediate III to provide the phosphonate 
diester la; and 

4) same processes as for A. 2 ) . 
Physiologically acceptable salts of Formula I compounds 

of this invention are prepared by methods known in the art. 
The salts include ammonium salts and salts of 
physiologically acceptable metals, particularly Li + , K + , 
Na + , Ca ++ and Mg ++ , and are novel compounds and comprise a 
further aspect of the invention. Metal salts can be 
prepared by reacting the metal hydroxide with a Formula 1 
compound of this invention. Examples of metal salts which 
can be prepared in this way are salts containing Li + , Na + , 
and K + . A less soluble metal salt can be precipitated from 
the solution of a more soluble salt by addition of the 
suitable metal compound. Acid salts may be prepared by 
reacting a Formula I compound of the invention with an 
inorganic or organic acid, e.g. HC1, HBr, H 2 S0 4 , and organic 
sulfonic acids, and the like. 

The compounds of this invention, including the 
physiologically acceptable salts thereof, have desirable 
antiviral activity. They exhibit activity against DKA 
viruses, for example, Herpes Simplex virus I, Herpes Simplex 
virus II, cytomegalovirus, Varicella Zoster virus 
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and also against retroviruses. For use against viral 
infections, the compounds of this invention can be 
formulated into pharmaceutical preparations. Such 
preparations are composed of one or more of the Formula I 
compounds in association with a pharmaceutical^ acceptable 
carrier. The reference Remington's Pharmaceutical Sciences 
15th Edition by E. W. Martin (Mark Publishing Company, 1975) 
discloses typical carriers and methods of preparation. 

The compounds may be administered topically, or system- 
ically. By systemic administration is intended, oral, 
rectal, and parenteral (i.e. intramuscular, intravenous, 
subcutaneous and nasal) routes. Generally, it will be found 
that when a compound of the present invention is 
administered orally, a larger quantity of the reactive agent 
is required to produce the same effect as the smaller 
quantity given parenterally . In accordance with good 
clinical practice, it is preferred to administer the instant 
compounds at a concentration level that will produce 
effective antiviral effects without causing any harmful or 
untoward side effects. Therapeutically the instant 
compounds are given as pharmaceutical compositions comprised 
of an effective antiviral amount of a compound of Formula I 
or a pharmaceutical^ acceptable salt thereof and a pharma- 
ceutical^ acceptable carrier, as stated hereinabove. 
Pharmaceutical compositions for effecting such treatment 
will contain a major or minor amount, e.g. from 95 to 0.5% 
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of at least one compound of the present invention in 
combination with the pharmaceutical carrier, the 
comprising one or more solid, semi-solid, or liquid diluent, 
filler, and formulation adjuvant which is non-toxic, inert 
and pharmaceutical^ acceptable. Such pharmaceutical 
compositions are preferably in dosage unit forms; i.e. 
physically discreet units containing a predetermined amoun: 
of the drug corresponding to a fraction or multiple of the 
dose which is calculated to produce the desired therapeutic 
response. Other therapeutic agents can also be present. 
Pharmaceutical compositions providing from about 1 to 50 mg. 
of the active ingredient per unit dose are preferred and are 
conventionally prepared as tablets, lozenges, capsules, 
powders, aqueous or oily suspensions, syrups, elixirs, and 
aqueous solutions. Preferred oral compositions are in the 
form of tablets or capsules and may contain conventional 
excipients such as binding agents, (e.g. syrup, acacia, 
gelatin, sorbitol, tragacanth or polyvinylpyrrolidone), 
fillers (e.g. lactose, sugar, maize-starch, calcium 
phosphate, sorbitol, or glycine), lubricants (e.g. magnesium 
stearate, talc, polyethylene glycol or silica), 
disintegrants (e.g. starch) and wetting agents (e.g. sodium 
lauryl sulfate). Solutions or suspensions of a Formula 1 
compound with conventional pharmaceutical vehicles are 



employed for parenteral compositions such as an aqueous 
solution for intravenous injection or an oily suspension for 
intramuscular injection. Such compositions having the 
desired clarity, stability and adaptability for parenteral 
use are obtained by dissolving from 0.1% to 10% by weight of 
the active compound in water or a vehicle consisting of a 
polyhydric aliphatic alcohol such as glycerine, propylene 
glycol, and polyethylene glycol or mixtures thereof. The 
polyethylene glycols consist of a mixture of non-volatile, 
usually liquid, polyethylene glycoles which are soluble in 
both water and organic liquids and have molecular weights 
from about 200 to 1500. 

Considering the biological activities possessed by the 
compounds of the instant series, it can be een that these 
compounds have antiviral properties particularly suited to 
their use in combating viral lnxtctions. Thus, another 
aspect of the instant invention concerns a process for 
treating virai xnfections in a mammal in need of such 
treatment which comprises systemic or topical administra- 
tion to such mammal of effective dose of a Formula I 
compound or a pharmaceutical^ acceptable salt thereof. 
On the basis of testing, an effective dose could be expected 
to be from ah-ut 0.01 to about 30 mg/kg body weigut with 
about 1 to ab^ut 20mg/kg body weight a ^referred dosage 
range. it is envisioned tnat for cubical application 
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compounds of the instant invention will be administered in 
the same manner as for the reference drug acyclovir. For 
clinical applications, however, the dosage and dosage 
regimen must in each case be carefully adjusted, utilizing 
sound professional judgment and consideration of the age, 
weight and condition of the recipient, the root of 
administration and the nature and gravity of the illness. 
Generally a daily oral dose will comprise from about 150 
to about 750 mg, preferably 250 - 500 mg. of a Formula I 
compound administered from one to three timer a day. . In 
some instances, a sufficient therapeutic effect can be 
obtained at lower doses while in others, larger doses- will 
be required. 
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Description of the Specif.. F„^,-.„- 

The compounds which constitute this invention and their 
methods of preparation will appear .ore full, £r „. . consideration of 

» only and are not to be construed as Siting the invention in sphere 
or scope. A ll temperatures are understood to be i„ de g rees C when not 
specified. The nuclear macnatic resonance «« spiral characte-istics 
refer to chemical shifts «, expressed in parts per million (ppm, 
versus tetramethy!silane (»,, as reference standard. The relative 
XO «ea reported for the various shifts in the proton WB spectra! data 
corresponds to the number of -,,dro 8 e„ atoms of a particular functions 

type in the molecule. The nature of the shif- s , , 

»t cne snif.s as to multiplicity is 

reported as broad sinslpr f^*\ • ^ 

"nglet (bs>. sl „ gIec (s ,_ ailltiplet (b)) dQubiet ^ 

Sublet of doublets (dd,, triplet <t>. or ,uartet ( „. deviations ' 
1= empioyed are «c-d 6 (Perdeuterodimethylsuifoxide, , OK. (deutero- 

Chioroform, and are otherwise cnventional. The .frared « R) spectral 
descriptions inciude onlv absorption „ave numbers (cm-, ^ func:io ,. si 

group identification value The tr dprOTW . 

The IR ceteramacions were employed using 

potassium bromide (K3r) as diluent All f „ Bnn a 

uent. All compounds gave satisfactory 

20 elemental analyses. 
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I. Synthesis of Intermediates 
A. Formula V Compounds 

B-,CH 2 ) n 

V 

Example 1 
9-(SH 2, 3-Dihydroxv)propykruanine 
A 250 mL 3-necked round bottomed flask fitted with a 
gas inlet, was oven arxed, flushed wiui argon, and charged 
with sodium hydride (1.82gm, O.045mol, 60% by weight in 
oil). The sodium hydride was wasneu twice with 50 mL of dry 
pentane (CaH 2 ), once with dry THF { wa/benzophenone ) , and 
covered with dry dimethylf ormamide (250mL, distilled from 
P 2 0 5 ). 2-Amino-6-benzyloxypunne v 10.00gm, 0.041mol, 
prepared from 2-aminopurin-6-yl-trimethylammonium chloride) 
was added in one batch, and the solution heattd at 60° for 
Ih. Isopropylidene-D-glycerol- V-tosylate ( 11 . 86gm, 
0.041mol, Fluka) was then added in one batch, followed by a 
catalytic amount \xv,m) of sodium louxde, and the resulting 
mixture heated for i2h at 60°. The solution was then cooled 
and the volatiles removed under reduced pressure. Thin 
layer chromatographic analysis of the crude mixture revealed 
the presence of the N-9 isomer (Rf 0.7 in 10% 




- 28 - 



methanol/methylene chloride) and the N-7 isomer (Rf 0,3 in 
same). Chromatography over silica gel eluting with ethyl 
acetate gave lOgm of the N-9 isomer as a gum, and 2gm of the 
crystalline N-7 isomer, mp. 184-186° (80% overall yield, 5:1 
ratio of N-9/N-7) . 

A solution of (S)-2 ' ,3 ' -0-isopropylidene-6-0-benzyl-9- 
(2, 3-dihydroxy)propylguanine (5.0gm, 0.0139mol) in 8C% 
aqueous acetic acid (80mL) was heated on a steam bath for 
lh. The volatiles were then removed in vacuo, and from the 
residue remaining were evaporated four lOOmL volumes of 
absolute ethanol followed by two lOOmL volumes of toluene. 
The white solid material obtained was recrystallized from 
water and dried at 5mm for 12h. to yield 2.8gm (89%) of 
9-(S) -( 2,3-dihydroxy)propylguanine as a white solid, np. 
above 260°. 

1 H NMR ( 360MH2,DMSO-d 6 ) flQ . 57 ( s , 1H ) , 7.58 ( s, 1H) , 6 . 44 (brs , 
2H), 5.05(d,J=5Hz, 1H) , 4.77(t, J=5Hz, 1H), 4.07(d, J=llHz, 
1H), 3.77 (2 overlapping m, complex 2H) , 3 .35 decomplex, 
1H), 3. 27(m, complex, 1H); 13 C NMR ( 90MHz ,DMSC-d g ) 156.90, 
153.47, 151.32, 138.36, 116.38, 69.77, 63.51, 46.10; UV 
(0.1N aq. HCl)/^max 253 ( e=12 , 305 ) , />max 272 ( e=8 . 495 ) ; 0 . IN 
aq. NaOH) max 256 ( e=10 , 096 ) , max 267 (e=10,614; [a] J = 
-45 degrees, [a]°J* = -54 degrees (c=0.5, DMSO) ; IR(KBr) 
3180 (br,s), 3100(s), 1695, 1650, 1605 cm" 1 ; 
Analysis. Calculated for CgH^N^: C,42.66; H,4.92; 
N,31.09. Found: C,42.42; H,4.91; N,30.40. 
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B. Formula XII Compounds 




XII 

Example 2 

2-Benzv loxvmethyl- 3 -diethylphosphonomethoxy- 1 - ( p-toluene- 

sulf onyloxy) propane 
A solution of 5-hydroxymethyl-2, 2 -dimethyl- 1, 3 -dioxane 
(cf:Bates, H. A.; Farina, J. ; Tong, M. J. Org. Chem. 1986 , 
51, 2637, 3.0 g, 20.5mmol) in 25mL of dry DME under argon 
was added via cannula to a slurry of NaH (0; 740g, 80% 
dispersion in oil, 24.6mmol) in 60mL of dry DME cooled to 
0°C. The resulting grey slurry was stirred at room 
temperature for 0.5h, then recooled to 0°C, and treated with 
a solution of benzylbromide (4.56g, 26.7mmol) in 20mL of 
DME. The reaction mixture was stirred at room temperature 
(rt) overnight and then quenched with 100ml of H 2 0. The 
aqueous layer was separated and extracted with two portions 
of ethyl acetate. The combined organic layers were then 
washed with saturated sodium chloride solution, dried over 
Mg£0 4 , filtered, and concentrated to provide a yellow oil. 
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Purification by column chromatography on silica gel 
(ethyl acetate/hexane) afforded 3.51g (72%) of 
5-benzyloxymethyl-2,2-dimethyl-l,3-dioxane as a clear 
colorless liquid. 

A mixture of 5-benzyloxymethyl-2 , 2-dimethyl-l , 3-dioxane 

(3.40g, 14.4 mmol) and a few crystals of p-toluenesulf onic 

acid monohydrate in 100 mL of methanol was stirred at room 

temperature for 20h. The methanol was removed in vacuo and 

the residual oil purified by column chromatography on silica 

gel (ethyl acetate) to give 2.25g (80%) of 

2-benzyloxymethyl-l,3-propanediol as a colorless, clear 
liquid. 

NaH (0.87g, 80% dispersion in oil, 29.1 mmol) was 
washed three times with dry pentane, dried in vacuo, and 
then suspended in 60mL of dry THF. A solution of 
2-benzyloxymethyl-l,3-propanediol (5.70g, 29.1mmol) in 5mL 
of THF was next added dropwise over 20 min. and the reaction 
mixture stirred at room temperature for 1.5 hrs. to give a 
white slurry. t-Butyldimethylsilylchloride (4.38g, 29.1 
mmol) was then added portionwise over 3 min. and the 
reaction mixture stirred at room temperature for 2 hours 
further. The mixture was next diluted with 150mL of ethyl 
acetate and washed with 10% aqueous potassium carbonate and 
brine, dried over MgS0 4 , filtered, and concentrated to give 
a colorless oil. Purification by column chromatography on 
silica gel (ethyl ^cetate/hexanes ) provided 7.41g (82%) of 
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2-benzyloxymethyl-3-t-butyldimethylsiloxy-l-propanol as a 
clear, colorless liquid. 

A solution of 2-benzyloxymethyl-3-t-butyldimethyl- 
siloxy-l-propanol (5.05g, 16.3mmol) in 10 mL of dry THF was 
added dropwise over 10 minutes to a slurry of NaH (0.59g, 
80% dispersion in oil, 24.4 mraol) in 70mL of dry THF at 0°C 
under argon. Upon completion of the addition, the ice-bath 
was removed and the reaction mixture stirred for 45 minutes 
at room temperature. A solution of diethyl phosphonomethyl- 
trif luoromethane sulfonate (Kluge, A.F. Org. Synthesis 1985 
64_, 80; Phillion, D.P; Andrew, S.S. Tetrahedron Lett. 1986 , 
27, 1477; 5 . 85g, 19 . 5mmol) in lOmL of dry THF was then added 
over 5 minutes. After 3 hours at room temperature, the 
reaction mixture was heated at 50°C for 2 hours and then 
cooled to room temperature. The reaction was next quenched 
by addition of 50mL H 2 0, diluted with CH 2 C1 2 , and washed 
with H-0 and saturated sodium chloride solution, dried over 
MgS0 4 , filtered, and concentrated. The crude oil was 
purified by column chromatography on silica gel (EtOH/EtOAc) 
to provide 2.55g of 2-benzyloxymethyl-l- 
t-butyldimethylsiloxy-3- ( die thylphosphonomethoxy) propane 
as a colorless oil. ^ NMR indicates that the compound is 
80% pure. The major contaminant is unreacted diethyl 
phosphonomethyl triflate. 

Tetrabutylammonium fluoride (8.3mL, 1M in THF, I .3mmol) 
was added dropwise to a solution of 2-benzyloxymethy 1 
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-l-t-butyldimethylsiloxy-3-(diethylphosphonomethoxy) 
propane (2.55g, 5.5mmol) in 20mL of THF at room temperature. 
The reaction mixture was stirred at room temperature for 1.5 
hours and then concentrated in vacuo to give 5.6g of a 
yellow oil. Purification by column chromatography on silica 
gel (3-5% ethanol in ethyl acetate) provided 1.72g (31% from 
2-ben 2 yloxymethyl-3-t-butyldimethylsiloxy-l-propanol) of 2- 

benzyloxymethyl-3-diethylphosphonomethoxy-l-propanol as a 
clear colorless oil. 

A- solution of 2-benzyloxymethyl-3-diethylphosphono- 
methoxy-l-propanol (0.25g, 0.72mmol) in 5mL of CH 2 C1 2 was 
cooled to 0°c and treated with triethylamine (0.22g, 
2.16mmol). A solution of p-toluenesulf onyl chloride 
(0.151g, C.79 mmol) in 2mL of CH 2 C1 2 was added next and the 
reaction mixture allowed to warm gradually to room 
temperature. After 14 hours at room temperature, the 
mixture was diluted with CH 2 C1 2 and washed with two portions 
of 10% aqueous HC1 and saturated sodium chloride solution, 
dried over MgS0 4 , filtered, and concentrated to give an 
orange oil. Purification by column chromatography on silica 
gel (1-3% ethanol in ethyl acetate) provided 0.295g of 2- 

ben 2 yloxymethyl-3-diethylphosphonomethoxy-l-(p-toluene- 
sulfonyloxy)propane as a pale yellow oil. 
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X H NMR (200MHz, CDCI3 ) : 7 . 7 9 ( d , J=8 . 4Hz , 2H), 
7.21-7.39(m,7H),4.41 (brs,2H), 4.06-4.21 (m,6H), 3.71 
(d,J=9Hz,2H) , 3.60(AB quartet, 2H), 3.48 (AE quartet, 2H), 
2.44 (brs,3H), 2.31 (septet, J=5.8Hz,lH) and 1.32 
(t,J=7Hz,6H) . 

13 C NMR (50 MHz,CDCl 3 ): 144.7, 137.9, 132.9, 129.8, 127.9, 
127.6, 127.4, 73.2, 70.9 and 70.7, 68.3, 67.2, 67.1 and 
63.8, 62.5 and 62.3, 39.7, 21.7, and 16.6 and 16.5. 

IR(film): 3100, 3080, 3040, 3000, 2920, 2880, 1600, 1500, 
1480, 1460, 1395, 1360, 1260, 1200, 1180, 1100,1060, 1040, 
980, 840, 820, 800, 750, 710, and 680 cm" 1 . 



C. Formula II Compounds 



R, O 
^ II 



X - (C n*2h-l> -°- CH " p - ( OR 3 } 2 



wherein h 

<C n«2n-l ) = [alk n -C-alk 3 ] 
1 l 

R l R i 
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Example 3 

l-Methanesulfo nvloxv-2-(diethvlphosphonomethoxy) ethane 
A solution of acetyl chloride (43.2g, 550 mmol) in 100 
mL of dry ether was added dropwise over 1 hour to a solution 
of 1,3 dioxolane (37.lg, 500 mmol) in 300 mL of ether 
containing a few crystals of zinc (II) chloride at room 
temperature under nitrogen. The reaction mixture was 
stirred at room temperature for an additional 2 hours and 
then concentrated in vacuo. The product was purified by 
distillation (0.6 mmHg, 56-58°C) to provide 67. 9g (89%) of 
l-acetoxy-2-(chloromethoxy)ethane as a clear colorless oil. 
cf: Foye, w. 0.; Kaufmann, J.M.; Kim, Y. H. J. Heterocyclic 
Chem. 1982 . 19, 497. 

A mixture of l-acetoxy-2-(chloromethoxy) ethane (67.8g, 
444 mmol) and triethylphosphite (81. 3g, 490 mmol) was heated 
at 105-110°C for 12 hours. Vigorous gas evolution was noted 
initially. The reaction mixture was next cooled to room 
temperature and the crude material purified by distillation 
(0.9mmHg, 130-134°C) to afford 76. 9g (68%) of 

l-acetoxy-2-(diethylphosphonomethoxy)ethane as a colorless 
liquid. 

15 mL of concentrated hydrochloric acid was added in 
one portion to a srluticn of 

l-acetoxy-2-(diethylphosphonomethoxy) ethane (76.5g, 300 



- 35 - 



mmol) in 600 mL of absolute ethanol and the resulting 
mixture was heated at 55°C for 12 hours. The reaction 
mixture was then cooled to room temperature and concentrated 
in vacuo. The- resulting clear liquid could be used without 
purification or purified by distillation (l.SmmHg, 
128-132°C) to give 52. lg (82%) of 2-diethylphosphonomethoxy- 
1-ethanol . 

A solution of 2-diethylphosphonomethoxy-l-ethanol 
(40.7g, 192 mmol) in 500 mL of CH 2 C1 2 was cooled to 0°C and 
then triethylamine (29. lg, 288 mmol) was added in onei 
portion, followed by addition of methanesulf onyl chloride 
(26.4g, 230 mmol) dropwise over 20 min. The reaction 
mixture was kept at 0°C for 0.5 hours and then poured into 
water. The aqueous phase was extracted with two portions 

of CH 2 C3 "2 and the comb i ned organic phases dried over MgS0 4 , 
filtered and concentrated to afford 54. 4g (98%) of 1- 
methanesulfonyloxy-2-(diethylphosphonomethoxy) ethane as a 
clear, pale orange oil. The mesylate could be employed 
without purification or purified by column chromatography on 
silica gel (5% methanol in CH 2 C1 2 ). 

1 K NMR (200MHz, CDC1 3 ): 4.46-4.50 (m,2H), 4.26 (quintet, 
J=6.8Hz,4H) , '3.92-3.99(m,4H) , 3.20 (s,3H), and 1.40 
(t, J=7Hz, 6H). 
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Example 4 

l-Bromo-4- ( diethylphosphonomethoxv) butane 
To a stirred solution of 49. 5g (323 mmol) of l-bromo-4- 
butanol and 27.8mL of 37% formaldehyde at 0° is slowly added 
anhydrous hydrogen chloride gas. The temperature is 
maintained at -5 to 0° during the slow 6 hour addition. The 
reaction mixture was then diluted with 500 mL of Et 2 <D and 
washed with 2 x 200 mL of ice water. The organic solution 
was dried (MgS0 4 ) and evaporated. The residue was distilled 
(55-6C°/0.2 mm) to obtain 29g (45%) of l-bromo-4-(chloro- 
methoxy) butane as a colorless oil. 

X H NMR (CDC1 3 ) /5.51 (s,2H), 3.71 (t,2H), 3.49{t,2H), 
1.98(m,2H), 1.80(m,2H). 

To a slurry of 6.26g (149 mmol) of 57% NaH and 300 mL 

of n-pentane at 0°C was added 17.14g (124 mmol) of di- 

ethylphosphite and the mixture was stirred for 1 hour at 

O 0 . The mixture was then cooled to -70° and 25g (124 mmol) 

of l-bromo-4-(chloromethoxy)butane 'was added and the 

reaction mixture warmed to 0° and stirred for 1 hour. The 

mixture was then filtered and evaporated. The residue was 

purified by Si0 2 chromatography to give 26g (70%) of 

l-bromo-4-(diethylphosphonomethoxy)butane as a colorless 
oil. 
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X H NMR (CDC1 3 ) 5 4.18 (m,4H), 6 3.77 (d,2H), 3.61 (t,2H), 
3.45 (t,2H), 1.95 (m,2H), 1.79 (m,2H), 1.35 (t,6H). 



Example 5 

1- ( Dieth ylphosphonomethoxy ) - 5- ( methanesulf onvloxv) pentane 

To a solution of 8 5.0g (0.904 mole) of 1 , 5-pentanediol 
and 30. 3g (0.30 mole) of triethylamine in 350 mL of dry 
CH 2 C1 2 at " 20 ° c was added dropwise a solution of 28. 5g (0.25 
mole) of methanesulf onylchloride in 100 mL of CH 2 C1 2 over 2 
hours under nitrogen atmosphere. The solution was stirred 
at 2 hours at -20°C and then at -4°C for 18 hours. The 
reaction mixture was washed with H 2 0, IN HCl, H 2 C, then 
dried and evaporated. The residual oil was chromatographed 
on a silica gel column, eluting with EtOAc-CH 2 Cl 2 (2:8). 
After combining the appropriate fractions there was obtained 
25. 7g (56.5%) of 5-hydroxypentylmethylsulf onate as a 
colorless oil. 

X H NMR (CDC1 3 ) 4.25 ( t , J=6 . 2Hz , 2H) , 3.65 (t, J=5.4Hz,2H), 
3.03 (s,3H), 2.35 (s,lH), and 1.75-1.85 (m,6H). 

A mixture of 5-hydroxypentylmethylsulf onate (18.2 g 
0.1 mole) and trioxane (3.6g, 0.036 mole) in dichloroethane 
(30mL) was saturated with dry HCl over a period of 2.5 hours 
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with cooling (-10°C). The resulting mixture was dried 
(MgS0 4 ) and filtered and the solvent evaporated in vacuo. A 
white oil (24g) was obtained which could not be distilled in 
vacuo because of decomposition but was reacted as unpurified 
chloromethoxy intermediate. 

X H NMR (CDCI3) 5 * 51 (s ' 2H '>' 4 ' 28 J=5Hz, 2H), 3.68 

(t, J= 5.8 Hz,2H) 3.02 (s, 3H, ) and 1.40 to 1.80 (m, 6K) 

Sodium hydride (6.16g, 0.154 mole as a 50% oil 
dispersion prewashed with n-pentane) was slurried in 100 mL 
n-pentane. The solution was cooled to 0°C and a solution of 
20.34g (0.147 mole) diethylphosphite in lOmL n-pentane was 
added dropwise over 20 mm. The slurry was cooled to -78°C. 
To this cold slurry was added a solution of the unpurified 
5-chloromethoxy-l-methanesulfonoxypentane (31.0g, 0.134 
mole) in 120mL THF with vigorous stirring. After the 
addition was completed the mixture was warmed to -15° in 2 
to 3 hours. It was diluted with 500 mL ethyl acetate, washed 
with H 2 0, dried over MgS0 4 and evaporated to dryness. The 
resulting oil was chromatographed through a silica gel 
column (10% EtOAc-CK-C^ ) to yield 22. 5g of a colorless oil 
(47%). 

X H NKR (CDC1 3 ) 4.3 (m, 6H) , 3.8 (d, 2H) , 3.6 (t, 2H) , 3.0 
(s, 3H), and 1.4-1.8 (m, 12H) . 
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II. Synthesis of Products 

Example 6 

9- ( 2 -(Diethylphosphonomethoxy) ethyl) guanine ( la) 
2 

A mixture of N -acetyl guanine (6.47g, 3 3.5mmol), 
2- ( diethylphosphonomethoxy ) -1-iodoethane ( 9 . 80g, 30 . 4mmol ) 
and potassium carbonate (8.41g, 60.9mmol) in 350mL of dry 
DMF was heated at 100°C for 4h. The reaction mixture was 
then allowed to cool at rt and any insoluble material was 
removed by filtration. The filtrate was concentrated in 
vacuo to give a viscous yellow oil which was purified by 
column chromatography on silica gel (5-10% methanol in 
CH 2 C1 2^* Recrystallization of combined fractions containing 
the desired product from ethyl acetate afforded a total of 
1.50g (13%) of 2-N-acetyl-9-(2 , -(diethylphosphonomethoxy) 
ethylguanine as a white crystalline solid, m.p. 
140.5-141. 5°C. 

Analysis: Calculated for C^H^N-OgP- i/2H 2 0: C, 42.42%; H, 
5. £5%; N, 17.67%, Found: C, 42.33%; H, 5.60%; N, 17.99%. 



2-N-Acetyl-9- ( 2 - (diethylphosphonorne:.hoxy) ethyl ) guanine 
(1.42g, 3.68mmol) was dissolved in 50rr.L cf 40% aqueous 
raethylamine and the solution was stirred at rt for 45 min. 
The reaction mixture was concentrated in vacuo and 
evaporated three times with toluene to give a gummy, white 
solid. The crude material was stirred in hot ethyl acetate 
for lh, then cooled to rt, and the product collected by 
filtration to provide 1.19g of 
9- ( 2 - ( diethy lphosphonome thoxy ) ethyl ) guanine 
X H NMR ( 200MHz, d 6 -DMSO): 10 . 4-10 . 7 ( brs , 1H) , 7.65(s, 1H) , 
6.46 (brs, 2H), 4.14(t, J=7Hz, 2H), 3 . 99 ( quintet , J=6Hz, 
4H), 3.78-3.89 (m, 4H) , and 1.20 (t, J=7Hz, 6H) . 

13 CNMR(50.3MHz,d 6 -DMSO): 156.7, 153.4, 151.1, 137.5, 116.3, 
70.5 and 7C.2, 65.4 and 62.2, 61.7 and 61.6, 42.1, and 16.2 
and 16.1.. 



IR(KEr): 3200 (br), 3160, 3000, 1700, 1620, 1545, 1480, 
1380, 1255, 1180, 1110, 1060, 1030, 900, 820, and 795 cm -1 . 

Analysis. Calculated for C 12 H 2() N 5 0 5 P. 1/2H 2 0: C, 40.68%; H, 
5.98%; N, 19.77% Found: C, 40.61%; H, 5.74%; N, 19.79%. 
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Example 7 

9- ( 2 -(Phosphonomethoxy ) ethyl) guanine ( Ic ) 
Bromotrimethylsilane (2.77g, 18.1mmol) was added 
dropwise over 2 min to a solution of 

9- ( 2 ' - ( die thy lphosphonome thoxy ) ethyl ) guanine ( 0 . 6 2 5g , 
1.80mmol) in 15mL of dry DMF at rt under argon in a 
foil-covered flask. The reaction mixture was stirred at rt 
for 4h and then volatiles were removed in vacuo to give a 
viscous yellow oil. The residue was treated with 5mL of 
water, giving immediate formation of a white solid. 5mL 
more water was added, followed by lOmL of acetone; the 
precipitate was collected by filtration. The crude product 
was purified by recrystallization from water/ethanol to give 
0.4 83g of 9- (2 -(phosphonomethoxy) ethyl) guanine as white 
crystals, m.p. >260°. 

l H NMR (200MHz, dg-DMSO) : 10.55(brs, 1H, exch) , 7.70(s, 
1H), 6.45(brs, 2H, exch), 4 . 00-6 . 00 ( br m, exch), 4.12(t, 
J=7Hz, 2H ), 3.80 (t, J=7Hz, 2H), and 3.59(d, J=8.8Hz, 2H) . 

13 C NMR (50.3MHz,d 6 -DMSO) : 157.0, 153.6, 151.3, 138.3, 
116.1, 70.6 and 70.4, 68.0 and 64.8, and 42.6. 

Analysis: Calculated for C 8 H 12 N 5 0 5 P..2K 2 0: C, 29.54%; H, 
4.96%; N, 21.54%. Found: C, 29.56%; H, 5.05%; N, 21.67%. 
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Example 8 

9-( 2 - (Monoethvlphosphonomethoxy ) ethyl) guanine ( lb; 

9- ( 2- ( diethylphosphonomethoxy ) ethyl ) guanine ( 0 . 198g , 
0.57mmol) was dissolved in 15 mL of IN sodium hydroxide 
solution and the mixture was stirred at room temperature for 
1 hour. The solution was then acidified with 10% aqueous 
hydrochloric acid to pH 1 and concentrated in vacuo. 
Residual salts were removed by reverse phase column 
chromatography (C18 adsorbent, elution with water) to 
provide 0.150g of 9-(2 - ( ethylphosphonomethoxy ) ethyl )- 
guanine as a white crystalline- solid, mp = 192.5 - 193. 5°C. 

X H NMR (200 MHz, d 6 - DMS0 ) : 10.6 (brs, 1H), 7.69 (s,lH), 
6.48 (brs, 2H), 4.12 (t, J=5.2Hz,2H), 3 .89(quintet, 
J=7.2Hz,2H), 3.81 (t, J= 5.2Hz,2H), 3.68 (d, J= 8.6Hz, 2H) , 
and 1.15 ( t, J=7.2Hz, 3H) . 
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Example 9 

9-( 3-Hydroxy-2-(phosphono methoxy ) propyl ) guanine ( Ic ) 
A suspension of 9-(2, 3-dihydroxy)propylguanine( 5.0g, 
0.022mol) in dry dimethylf ormamide was treated with 30g 
(0.097mol) p-anisyldiphenylchloromethane, 40mL triethyl- 
amine, and 0.5g N,N-dimethylaminopyridine , and the resulting 
mixture was heated for 12h. at 80° . The solution was then 
cooled, methanol! 50mL) was added, and the volatiles were 
removed in vacuo at 70° and 5mm. The residue was 
partitioned between ethyl acetate and water, and the 
combined ethyl acetate layers were dried (MgS0 4 ) £>nd 
concentrated in vacuo. The dark oil remaining was 
chromatographed over silica gel eluting with 1:1 ethyl 
acetate/hexanes to yield 4.5g (27%) of the 
bis-monomethoxytrityl compound as a light orange foam, mp. 
104-106° (dec). 

A solution of the above bis- (monomethoxytrityl ) 
compound (3.0 g/ 0.0039mol) in dry THF (30mL) was treated in 
one batch with NaH (Aldrich, 0.311g, 0.0041mol, 60% by 
weight in cil). The solution was stirred for 15 minutes at 
room temperature, then treated with tosyloxymethyl 
diethylphosphonate (Holy, A.; Rosenberg, I. Collect. Czech. 
Chem. Commun. 1982 , 47, 3447; 1.50c, 0.0046mol), and the 
resulting mixture stirred for 12h. at room temperature. 
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Thin layer chromatographic analysis of "he crude mixture 
revealed the absence of 'the starting alcohol (Rf 0.4 in 1:1 
ethyl acetate/hexanes ) and presence of a single polar 
product (Rf 0.1 in same). Methanol (lOmL) was added and the 
volatiles were removed in vacuo. The oil remaining was 
dissolved in ethyl acetate, applied to a column of silica 
gel (ca. 3X300cm) and eluted with pure ethyl acetate. The 
f product was obtained in 40 fractions which were combined and 
concentrated in vacuo to yield 3.2g 

2-N- (monomethoxycrityl) -9- ( ( 2-diethylphosphonomethoxy ) -3- 
(ironanethoxytrityloxy) propyl ) guanine (90%) of a colorless 
foam, mp. 78-80 °. 

A solution of this bis- (monomethoxy ) trityl diethyl 
phosphonate (l.'Sgm, 0.0016mol) in 80% aqueous acetic acid 
(50mL) was heated gently. on a steam bath for 0.5h. Thin 
layer chromatographic analysis indicated that the starting 
phosphonate was absent, and that tritanol by-product and 
diethyl-HPMPG were the only compounds present. The solid 
material remaining after the trituration was dried by 
evaporating with toluene, and further dried in vacuo for two 
hours. The crude (la) product thus obtained (mp. 87-90 
degrees) was treated with 5mL bromotrimethylsilane in dry 
dimethylformamide (lOmL). The resulting light yellow 
mixture was allowed to stand at room temperature for 5 
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hours. The volatiles were then removed in vacuo, water 
(5mL) followed by acetone (5mL) was added, and the turbid 
solution kept at -20 degrees for lh. The solid that had 
formed was collected by suction filtration, washed with 
acetone, and recrystallized from water/acetone to yield 
9-(3-hydroxy-2-(phosphonomethoxy) propyl) guanine as an 
off-white solid, mp. 185-190° (dec). 

X H NMR(360MHz, DMSO-d g ) 7.72(s, 1H) , 6.47(brs, 2H) , 4.15(B 
part, ABq, J=3.5, 14Hz, 1H), 3.98(A part, ABq, J=7, 14Hz, 
1H), 3.67(m, complex, 1H), 3.62(m, 5 lines, 2H), 3.37(m, 
complex, 2H), 3.37(m, complex, 2H); 13C NMR{ 90MHz , DMSO-d g 
156.72, 153.67, 151.31, 138.25, 115.83, 80.45 (J 

C-O-C-P 

10Hz), 69.86, 66.39, 64.61 (J = 160Hz), 43.28. 

C-P 
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Example 10 

8-Bromo-9- ( 2 ' -( phosphonomethoxy ) ethyl ! guanine ( Ic 
Bromine ( ImL) was added to lOOmL of water and the 

mixture stirred vigorously at rt until all the bromine had 

dissolved (15 min. ) . 

9-( 2 1 -(diethylphosphonomethoxy) ethyl) guanine ( 0 . 3 60g, 
1.04mmol) was then dissolved in 10ml H 2 <D and treated 
dropwise with the aqueous bromine solution until the color 
of Br 2 persisted. The reaction mixture was allowed to stand 
at 0°C for lh. and then was concentrated to afford a dark 
yellow viscous gum. Purification was accomplished by column 
chromatography on silica gel (MeOH-CH 2 Cl 2 ) to provide 0.31g 
of 8-bfomo-9- ( 2 1 - ( diethylphosphonomethoxy ) ethyl ) guanine as 
an orange powder. 

X H NMR (200MHz, dg-DMSO): 6.58(brs, 2H), 4.12(t, J=5Hz, 
2H), 3.95(quintet,J = 7Hz,4H), 3.74-3.85(m, 4H) , and 1.17(t, 
J=7Hz, 6H). 

13 C NMR (50.3MHz, dg-DMSO) : 155.4, 153.7, 152.4, 120.9, 
116.6, 69.7 and 69.5, 65.7 and 62.5, 61.8 and 61.6, 43.1, 
and 16.2 and 16.1. 

Bromotrimethylsilane (0.47g, 3.1mmol) was added 
dropwise over 5 min. to a solution of 
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8-bromo-9- ( 2 1 - { phosphonomethoxy ) ethylguanine ) ( 0 . 13g, 
0.31mmol) in 3mL of DMF at rt under argon in a foil-covered 
flask. The reaction mixture was stirred at rt for 4h and 
then the solvent and excess silane were removed in vacuo. 
The resulting orange oil was treated with F^O and acetone to 
provide a fine pale yellow solid which was collected by 
filtration. The solid was purified by recrystallization 
from ^O/EtOH to give 8-bromo-9- ( 2 '-( phosphonomethoxy ) ethyl ) 
guanine as 21 mg of pale yellow crystals. 

X H NMR (200MHz, d g -DMSO) : 10.6(brs, 1H) , 6.63(brs, 2H) , 
4.10(t, J=5Hz, 2H), 3.79(t, J=5Kz / 2H) , and 3.57(d, J=8Hz, 
2H) . 

13 C NMR (50.3MHz, dg-DMSO) : 155.4, 153.8, 152.4, 120.8, 
116.7, 69.3 and 69.2, 68.2 and 65.0, and 42.9. 
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Example 11 

•9- ( 3 - (Monoethylphosphonomethoxy) propyl-) guanine ( lb) 



A solution of 9-( 3-diethylphosphonomethoxy ) -6-0- 
(methoxyethyl) guanine (la 417 mg,lmmol) in 10 mL of 3N 
HC1 was heated at 8 5° for 3.5 hours. The solvent was 
removed using high vacuum to give 400 mg of the glassy 
monoester product. 

! H NMR (D 2 0) 7.95 (s, 1H) , 4.38 (t, 2H) , 4.15 (quintet, 
2H), 3.85 (d,2H), 3.70 (t, 2H) , 2.25 (m, 2H) , and 
1.30 (t, 3H). 

Example 12 

9- ( 4 - ( phosphonomethoxy ) butyl ) adenine ( IC ) 
To a slurry of 0.962g (22.8mmol) of 57% NaH in 15 
ml of distilled DMF was added in one portion 3.363 gm (24.9 
mmol) of adenine. The mixture was heated at 80° for 1 hr. 
and then cooled to 30° and 6.30g (20.7mmol) of 4- 
(diethylphosphonomethoxy) -1-bromobutane was added and the 
mixture was warmed to 60° and stirred for 2 hrs. The 
solvent was then removed under high vacuum and the residue 
was triturated three times with 100 ml of CH 2 C1 2 and 
filtered. The combined filtrates were evaporated and 
purified by Si0 2 chromatography to give 4.9 g (66%) of la 
product as a white crystalline material mp 67°. • 
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until cloudy. After stirring overnight 1.6 gm (73%) of 

crystalline Ic product was obtained, mp 240°. 

1 H NMR (D 2 0) 6 7.813 (s,lH), 4.07 (t, 2H), 3.59 (m, 4H) , 

1.89 (m, 2H), 1.61 (m, 2H) . 

UV max (H 2 0) 271 e=8494 

Analysis: Calculated for c 10 K 16 N 5 O 5 P: C, 37.85; H, 5.08; 
N # 22.07. Found: C,38.26; H,5.00; N,21.45. 

Example 14 

1- ( 4- ( phosphonomethoxy ) butyl ) thymine ( la ) 
To a slurry of 0.634g (15 mmol) 57% NaH in 80 ml of 
distilled DMF was added in one portion 2.07 g(16.4mmol) of 
thymine. The mixture was heated at 80° for 1 hour. The 
reaction mixture was then cooled to 60°C and to it was added 
4.15g (13.7 mmol) of 4-diethylphosphonomethoxy ) -1- 
bromobutane and the mixture was warmed to 90° for 1 hour. 
The solvent was then removed under high vacuum, the residue 
was triturated with 3 x 100 mL CH 2 C1 2 and the fractions were 
combined and filtered. The residue was purified by Si0 2 
chromatography to give 2.2 g (46%) of IA product as a 
colorless oil. 

X H NMR (CDC1 3 ) 6 7.01 (s,lH), 4.07 (m,4H) 3.52 (t,2H), 
1.82 (s,3H) 1.69 (m,2H) 1.55 (m,2H), 1.25 (t,6H). 

To a solution of 2.0g (5.75 mmol) of the diethyl 
phosphonate (IA) in 50 mL of distilled DMF was added 7.6 mL 
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of bromotrimethylsilane. The solution was stirred 16 j hours 
at 20°C and the solvent! were then removed under high 
vacuum. The glassy residue was crystallized froa 
H^O-acetone to give 810 mg (48%) of white crystalline IC 
product mp 140°. 

H NMR (D 2 0) 6 7.46 (s,lH), 3.73 (t,2H), 3.64 (d,2H) 
3.58 (t,2H), 1.82 (e,3H), 1.69 (m,2H), 1.56 (m,2H). 

By utilization of the foregoing examples which can be 
appropriately modified to produce the intermediate or 
product structure sought, such modifications being obvious 
to one skilled in the art; other examples of compound* 
embraced by the present invention can be prepared. As can 
be seen, the monoester compounds lb and diecid compounds Ic 
are obtained readily from the diester precursors la. 
Additional examples of Formula lb and Ie compounds which art 
prepared by the methods disclosed herein are showr. in Tablet 
1, 2 and 3. The corresponding la analogue intended to be 
understood as well. 
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III. Biological Testi:.3 

I, HI 1 r »' "I" 1 "" 1 h " P " 

virus* 

X, Plague Re *"^*Q" Assay 

Herpe. .lmpl« vlru. (HSV) .train, wer. pen and 
titered at 37°C i* v.ro c.U. (African Green Monkey Kidney 
cells ) and used for vlru. work before the tenth p.s.aae. 

cell, were 9 rovm end maintained in Earl.'. Minimum 
Essential Medlu» (»»), OU-eo Laboratories, eupplemented 
with 0.75% sodium bicarbonate, 2mM 1-olutamine, Pen-str.p. 

and 5-10* fetal calf serum. 

The titer of HSV strain. 1. determined by a plaque 
titration method (Boirman and Roane.-Virolooy,'' 15:75-79, 
ltd). Tissue cultur. J4-w.ll P«rl dishes are seeded with 
cells and used for assay, when approximately 75% monolayer. 
Volume. (0.11) of loc.rithmlc dilution, of the vlru, .train 
are Inoculated onto each of triplicate wells, and absorbed 
for one hour with Intermittent .haKinc. The Inoculum 
thereafter 1. removed, and 1 ml of 5-10% EMZH containing 
0.:% human Immune serum alobulln 1. added. Xfter a 41 hr. 
Incubatlor. period at 37°C In a 5% COj atmosphere, the 
overlay medium i. removed and the cell sheet, stained with 
Giemsa .tain. The number of plaque. 1. counted, th. 
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ur.itg per ml ii calculated. 

Tr.e compounds are tested for activity a;\inst t*\a 
herpes simplex strains using a stock solutio.% of taoh 
compound freshly prepared. Appropriate dilution of each 
compound are made in 10% EKEM before usage. The antiviral 
efficacy of each compound ie determined using the placrae 
reduction assay described above. Briefly, tissue culture 
24-well plates, with approximately 75% cell monolayer are 
inoculated with approximately 50 plaque forming units of HSV 
per 0.1 ml, and the virus adsorbed for 1 hr, with 
intermittent shaking. After removal of the inoculum, 1 ml 
of 10% EMEM containing two-fold dilutions of the appropriatt 
drug are added in triplicates. Triplicate wells/plate 
receives no drug and are used as a virus control. After 
a <8-hour incubation period, at 37°C in a 5% CO^ atmosphere, 
the overlay medium is removed, the cells stained at 
described abcve, and plagues are counted. The counts of 
triplicate wells are averaged, and the number of plagues ir. 
the presence of each drug dilution are calculated. 

The antiviral potency of the drug is determined by 
ID 50' the dru 9 concentration necessary to reduce the number 
of plagues by 50% of those in the virus control cultures. 
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For the primary icreening, * coloring eric iyft-uptiXt 
assay (McLaren, C, et al., "Antiviral Research," 3 1 323 , 
19 83) it used employing rapidly growing vero cell*. 
Briefly, ctlli, compound and virus dilutions are added onto 
96-well tissue culture plates simultaneously using the 
cells, viruses and medium described above. After 48 hr. 
incubation at 37°C in 5% COj atmosphere, the overlay medium 
is removed and the cell sheets are stained with 0.04% 
neutral red solution. After 30 min. incubation at 37°C, the 
cell sheets are washed and the stain is eluted with 0.05 M 
sodium monophosphate in 47% ethanol and the O.D. is 
determined at 540 nm wave length. 

The 50% inhibitory dose (ID50) for each drug is 
determined by linear regression analysis. 

Example 55 

Testing and evaluating of compounds against human 
cytomegalovirus. 

Ru^an cytomegalovirus (HCMV) strain (AD169) was grown 
and tltered at 37° in human embryonic lung (diploid) cells, 
MRC- 5, and used for the antiviral assay. 

The compounds are tested for activity against the HCMV 
using the procedure for the plaque reduction assay described 
above. 
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Testing and 



Example Tjb 
evaluating of compounds 



against tturln i 



petrovlrusast 

The compounds were evaluated for antiviral activity 
against Murine leukemia virus (MuLV) strains uilng the UV-XC 
plaque assay (Rowe, et al., "Virology," 42U136, 1970). 

The MuLV strains were grown in feral mouse cells (SC-1. 
and used for antiviral tests using the W-XC plaque assay. 
Briefly, SC-1 cells are grown as monolayers in 4-well tissue 
culture plates and inoculated with approximately 50-100 
plaque forming units of MuLV in 0.5 ml of 5% EM EM containing 
20 ug/ml DEAE/Dextran. After 1 hr. adsorbtion, the inoculum 
is removed and 5 ml of S\ EMEM conteining three-fold 
dilutions of the appropriate drug are added. Five dtya 
later, the cultures are uv-irradiated with an ultraviolet 
lamp an-1 rat XC sarcoma cells are added to the cultures. 
Three-four days after uv-irr&diation, the cell cultures 
are stained with Giemsa stain and the plaques are 
enumerated. Antiviral activity is expressed in terms of the 
reduction in the mean number of UV-XC plaques counted in the 
drug treated, virus-infected cultures compared with metn 
number o£ plaques counted in untreated, virus- infected 
control cultures. 

Some representative antiviral test data are displayed 

ir. TabU 4. 
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Antiviral Test Result* of Some Representative 
' Formula I Compounds 



Placrue Reduction 



Mul* 



Reference Cmode, 


Hsv-a 


HSY-2 


HSV-1 


HSV-2 




Acyclovir 


0.5 


1.0 


0.3 


1.5 


N.T 


9-(l,3-Dihydroxy 

propoxyroethyl) 

guanin* 










1.2 


3 ' -Azido-3 1 - 
deoxythymidlne 


N.T. 


N.T. 


N.T. 


N.T. 


0.0 


-2-phoephono- 
n\e wioxy ; propyl 
adenine 


15.1 


> 25 


13.8 


35.8 


0.13 2.0 


Formula I 












EX • / 




N T 


0. 1 


0.36 


<0.08 0.0 


V v Q 

EX . O 




o 


4.8 


5.1 


0.23 0.5 




25 


30.0 


9.8 


21.6 


2.1 




8.7 


10.4 


3.0 


3.3 














6.0 0.0 


Ex.34 












Ex.45 


1.5 


3.8 


1.6 


1.2 


o.c 


EX.46 






9.7 


9.9 




EX.47 






74.9 


34.8 


1.7 
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Claims 
A compound of formula I 



B 

i 

alk. 
i 1 
R.-C-alk.-Q 

1 I ^ 
alk- 

I -> 

0 
i 

R--CH 

2 J 

O - ^"OR 3 

0R 4 



wherein B is a purine or pyrimidine base selected from 
the group consisting of adenine, xanthine, hypoxanthine . • 
guanine, 8-bromoguanine , 8-chloroguanine , 8-aminoguanine , 
8-hydrazinoguanine, 8-hydroxyguanine , 8-methylguanine , 
8-thioguanine, 2-aminopurine , 2 , 6-diaminopurine . cytosine, 
5-e- hylcytosine, 5-methylcytosine , thymine, uracil, 
5-bromouracil, 5-ioduracil, 5-ethyluracil , 5-propyl- 
uracil, 5-vinyluracil , and 5-bromovinyluracil;, 

alk 1# alk 2 and alk 3 are independently selected frcm. 

a cherr.ical bond or C ] _-C 4 alkylene, with the proviso 
that when B is adenine and alkj^ is methylene, 
alk^ cannot be a chemical bond; 
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15 



20 



25 



30 



Q is hydrogen and hydroxyl with the proviso that when 
B is adenine and Q is hydrogen, alk^ can only be 

C 4 H 8 ; 

and R 2 are independently selected from hydrogen 
and C^-C^ alkyl; 

and 

and R, are independently selected from hydrogen, 
3 4 

C,-C. alkyl, phenyl and phenyl-C -C alkylene; 
Id ih 

and the corresponding salts, zwitterions, and/or solvates. 

2. A compound of Claim 1 wherein B is a purine base. 

3. A compound of Claim 2 wherein the purine base is a 
guanine moiety. 

4. A compound of Claim 1 wherein B is a pyrimidine base. 

5. A compound of Claim 2 wherein R^, R 2 and Q are hydrogen. 

6. A compound of Claim 1 wherein R^ and R 4 are hydrogen. 

7 . A compound cf Claim 1 wherein one of R-j and R^ is 
hydrogen and the other is C^-Cg alkyl. 

8. The compounds of Claim 1, namely 9- ( 3-hydroxy-2-phosphono- 
methoxy propyl ) guanine • 



35 



- 6 5- 



10 



9- ( 2 - ( phosphonome thoxy ) ethyl } -guanine ; 
9- ( 3- ( phosphonome thoxy ) propyl ) -guanine ; 
9- ( 4- ( phosphonome thoxy ) butyl ) -guanine ; 

8- bromo-9- ( 2 - ( phosphono-me thoxy ) ethyl ) guanine r 
1 - ( 4 - ( phosphonome thoxy ) -butyl ) thymine ; 

9- ( 1 -me thy 1-2 -( phosphonome thoxy ) -ethyl ) guanine ; 
15 X 9 - ( 2 - ( phosphonome thoxy )-l-propyl)guanine; 

9- ( 2-hydroxymethyl-3- ( phosphonome thoxy ) propyl ) guanine ; 
9- ( 2-hydroxymethyl-3 - ( phosphonome thoxy ) propyl ) adenine ; 

20 

8- methyl-9-( 2- ( phosphonome thoxy ) -e thy 1 ) guanine ; 

9- ( 4 -hydroxy- 3- ( phosphonome thoxy ) butyl ) guanine ; 

25 1 , 9-( 4 -hydroxy- 3- (phosphonome thoxy )-l-butyl ) adenine; 

9 - ( 2 - ( monoe thylphosphonome thoxy ) -e thyl ) guanine ; 
9- ( 2-( monome thylphosphonome thoxy ) -ethyl ) guanine ; 

3C 

9- ( 2- ( mono - n-propylpho sphonome t hoxy ) ethyl ) guanine ; 
9 - ( 2 - ( mono- isopropylphosphcnome thcxy ) ethyl ) guar.me ; 
35 9- ( 2-( 1-phosphono-l-e thoxy ) e thyl ) guanine ; 



A pharmaceutical' composition for antiviral use 
comprising an effective antiviral amount of at least one 
compound of Claims 1 to 8 in admixture with a pharmaceut 
cally acceptable carrier. 

A process for preparing the compounds of Claim 1 to 8 
which comprises 

A) for the preparation of the compounds of formula I 
wherein 

Q is hydrogen and alk2 is a chemical bond converting 
a purine oder pyrimidine base B which is as defined 
in Claim 1 to an anion by treatment with a base, 

reacting the so obtained anion of. the purine base B 
with a phosphonate diester of the general formula II: 



X 

I 

alk. 



R.-C-H 

1 I 
alk. 



R 2 -C-H 

i 

0= P-OR- 



OR, 



II 



wherein X is a standard organic leaving group; 
alk L , alk 3 , R l and R 2 are as defined in Claim 1; 

and R 4 are as defined in Claim 1 except being 
hydrogen, to obtain a phosphonate diester of the 
gen.eral formula la 



- o / 



10 



15 



or 



B 
I 



-I 

I 

alk. 



R r t-H 



'3 
I 

0 

R 2 -i-H 



o= i- 



1 

0R 4 



la 



OR 3 



B) for the preparation of the compounds of formula I 
wherein 
20 Q is hydroxy 

a) reacting a compound of the general formula V 



25 



30 



B 
I 

alk. 



R -C - alk -OH 

1 I 
alk, 

OH 



with a compound of the general formula PG-."-, 
wherein PG represents an organic protecting group 
35 and L is an organic leaving group to obtain a 

compound of the general formula IV : 



i 



- DO - 



PG-B 

alk. 
I 



R l~ c ~ alk,-0PG 



alk. 



I, 



0 
IV 



10 



15 



20 



30 



treating the so obtained compound of formula IV 
with a metal hydride, followed by reaction with 
a phosphonate diester of formula VI 



h ° 

X-CH-P-OR, 
i J 



0R 4 



VI 



to obtain a compound of. the general formula III 



PG-B 

25 i 



35 



alk. 
I 1 

R -C -alk.-OPG 

1 I 2 
alk 7 

0 

R 2 -CH 
0= P-OR- 

0R 4 
III 



T 
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removing the protecting groups from the so obtained 
compound of formula III to obtain a compound of the 
general formula la as defined above-, or 

b) reacting a purine or pyrimidine base B with a compound 
of the general formula XII 

X 

HC-CH-OPG 
l 2 

CH. 



0 

15 CH 



2 



0=P-OR, 
/ 3 

°*4 



XII 

20 



to obtain a compound of the general formula: 



25 



30 



B 
i 

CH. 



HC-CH.OPG 
i I 

0 

0=P-OR 3 
CR . 



35 



